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Abstract. [Purpose] The purpose of this study was to examine the effects of Tai Chi (TC)-based exercise on 
dynamic postural control during obstacle negotiation by subjects with mild or moderate Parkinson's disease (PD). 
[Subjects] Twelve subjects (mean age, 65.3±6.1 years) diagnosed with idiopathic PD were enrolled for this study. 
[Methods] All the subjects were tested a week before and 12 weeks after the initiation of the TC exercise. In the test, 
they were instructed to negotiate an obstacle from the position of quiet stance at a normal speed. They were trained 
with TC exercise that emphasized multidirectional shift in weight bearing from bilateral to unilateral support, 
challenging the postural stability, three times per week for 12 weeks. Center of pressure (COP) trajectory variables 
before and after TC exercise were measured using two force plates. [Results] A comparison of the results between 
pre- and post-intervention showed a statistically significant improvement in anteroposterior and mediolateral dis- 
placement of COP. [Conclusion] Twelve weeks of TC exercise may be an effective and safe form of stand-alone 
behavioral intervention for improving the dynamic postural stability of patients with PD. 
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INTRODUCTION 

Parkinson's disease (PD) is a chronic, progressive, neu- 
rodegenerative movement disorder of unknown etiology. It 
usually results from the continuous degeneration of dopan- 
ergic cells in the substantia nigra and depletion of dopamine 
in the corpus striatum 1 '. Parkinsonism is characterized by 
the gradual development of two or more of the major symp- 
toms: bradykinesia (reduced speed of movement), resting 
tremor, rigidity, akinesia (poverty of movement), postural 
instability, and cognitive impairment as well as age related 
impairments, such as decreased muscle strength of the low- 
er extremities 2 - 3) . In general, all of these signs and symp- 
toms can variously affect the ambulation of an individual. 

Impairments in postural control and locomotion lead 
not only to declined function and quality of life, but an in- 
creased incidence of falls and hip fractures which are esti- 
mated in the USA to cost approximately USS 192 million 
annually 4 - 5) . The risk of falls for people with PD is twice 
that of the general healthy population, and approximately 
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70% of people with PD fall during the course of the disease, 
often resulting in serious injuries and hospitalization 6 - 7 \ 
Approximately 27% of people with PD had new hip frac- 
tures 10 years after the first diagnosis 8 ', and approximately 
3% of hospitalized people with PD become wheelchair de- 
pendent 9 '. 

Impaired mobility like postural instability, which is 
a major cause of disability in patients with PD, is less re- 
sponsive to pharmacological and surgical therapies, even 
though some motor deficits, such as tremor, may be allevi- 
ated by medication 10, n \ Thus, patients diagnosed with PD 
often turn to alternative approaches for alleviation of their 
symptoms making exercise and physical therapy an attrac- 
tive option. 

Exercise is often recommended for persons with PD, 
because regular physical activity has been shown to slow 
their decline in mobility and to prolong functional indepen- 
dence 12, 13 '. The strength of the lower extremity muscles of 
PD patients and regular exercise are associated with their 
capacity to perform functional tasks, such as walking and 
sit-to-stand 14-17 '. Several intervention strategies including 
general exercise, high-intensity resistance training, and 
sensory cue training improve balance, strength, and freez- 
ing gait of people with PD 18-21 '. These previous studies ex- 
amining the effectiveness of exercise training for patients 
with PD required a variety of equipment to perform, and 
safety monitoring was needed. Few studies have assessed 
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alternative forms of exercise programs for PD patients that 
could delay their mobility disability and improve their mo- 
tor function levels. 

Only recently has growing attention been given by west- 
ern science to Tai Chi (TC) exercise as an alternative inter- 
vention for the enhancement of human well-being that im- 
proves balance impairment and disability related to aging, 
and age-related diseases such as PD. TC exercise is a tradi- 
tional Chinese martial art, and is a balance-based group of 
exercises with similarities to aerobic exercise. It involves 
a sequence of fluid, continuous, rhythmical, and graceful 
movements linked together in a continuous manner that 
flow smoothly from one movement to another. In the perfor- 
mance of TC, dynamic body weight shifting, rotations, and 
standing on a single leg, which require joint control, muscle 
coordination, and good balance performance, are repeated- 
ly practiced 22 '. All of these movements may be an effective 
means of addressing impairment in postural control dur- 
ing gait. Additionally, TC can be safely and inexpensively 
practiced at any time and in any place, because it does not 
require much space or any equipment 23 '. 

TC is beneficial for improving flexibility, lower extrem- 
ity strength, balance, physical function, and postural stabil- 
ity and reduces the risk of falls for elderly and frail indi- 
viduals 24-29 '. Research on the effects of TC has provided 
promising results for patients with PD who have gait dys- 
function and postural instability. Results from TC studies 27 - 
29 ~ 31 ' suggest that the 50-ft speed walk, Timed Up-and-Go, 
Functional Reach Test, Unified Parkinson's Disease Rat- 
ing Scale (UPDRS) motor subscale 3, Berg Balance Scale 
(BBS), Tandem Stance, and Six-Minute Walk and axial 
symptoms of PD, such as postural stability, were improved 
by TC. 

Few studies have investigated the potential mechanisms 
by which TC may improve movement dysfunction and re- 
duce falls among PD sufferers. Tripping during obstacle 
negotiation is one of the most commonly reported causes 
of falls among the elderly 32, 33 '. Therefore, it is plausible that 
people with PD who have gait dysfunction and postural in- 
stability are also at a high risk of tripping over obstacles and 
falling. Given the known risk of falls for the elderly during 
obstacle negotiation and the fact that people with PD have 
difficulty in performing simultaneous motor or cognitive 
tasks, crossing obstacles, or attempting to walk in complex 
environmental settings 34 ' 35 ', it is surprising the possible 
benefits of TC for those with PD during obstacle negotia- 
tion have received little attention. 

Accordingly, the primary aim of this study was to exam- 
ine the effects of TC -based exercise on dynamic postural 
control when people with mild or moderate PD negotiate an 
obstacle. Since the movements of TC contain many train- 
ing components required for maintaining dynamic balance 
including shifting the body weight from a unilateral to a bi- 
lateral position, symmetric foot stepping, modifications in 
stance width, single leg support while standing upright, and 
controlled movements near the limits of stability, we hy- 
pothesized that TC exercise would be effective at improving 
the dynamic postural control while crossing an obstacle of 
persons with mild and moderate PD. 



Table 1. Demographic and clinical characteristics of the study 
participants with PD at baseline. 

Participant details 

Sample size (number) 12 
Age (year) 65.3±6.1 
Gender M/F (number) 2/10 
Height (cm) 153.6±8.1 
Weight (kg) 54.1±6.8 
MMSE score/30 (number) 26.9±3.2 
PD duration (months) 56±13.3 
HY scale/range (number) 2.3±0.78/l-3 

UPDRS motor subscale HI/56 (number) 20.6±9.7 

Most values represent mean ± SD. 

PD, Parkinson's disease; M/F, male/female; MMSE, Mini Men- 
tal Status Examination; HY scale, Hoehn and Yahr scale; UP- 
DRS, Unified Parkinson's Disease Rating Scale 



SUBJECTS AND METHODS 

Twelve subjects (2 men, 10 women; mean age, 
65.3±6.1 years; age range, 55-75) who had been diagnosed 
with idiopathic PD by a neurologist were enrolled for this 
study. Their mean Hoehn & Yahr (H&Y) disability 36 ' score 
was 2.3±0.78 (it ranges from 1-3, and higher scores indicate 
more severe disease), and their mean duration of PD was 
56±13.3 months (range, 45-80 months). None of the par- 
ticipants had significant cognitive impairment (their Mini 
Mental State Examination (MMSE) 37 ' scores exceeded 25) 
and all the participants could walk independently at least 
5 m without an assistive device. All the participants were 
being treated with anti-Parkinson's medication, and fully 
responded to their PD medications. They were examined 
at their peak "on" effect, which was approximately 1—1.5 
hours after taking their anti-Parkinson's medications. None 
of the participants showed freezing gait over the course of 
the study. 

Subjects were excluded if they had any serious medical 
problem; any history or evidence of neurological deficit, 
other than PD, which could have interfered with locomo- 
tion, such as previous stroke or neuromuscular disease; se- 
vere dementia determined by a MMSE score < 24 (indicat- 
ing some degree of cognitive impairment); inability to walk 
independently; inability to complete the TC exercise pro- 
gram due to debilitating conditions or vision impairment; 
previous training in any form of TC exercise or current par- 
ticipation in any instructor-led structured regular exercise 
program; or inability to understand the instructions. All 
subjects read and signed the informed consent forms ap- 
proved by the University Institutional Review Board prior 
to the start of data collection. Baseline participant demo- 
graphics are summarized in Table 1 . 

An experienced TC instructor taught the first eight 
movements of 24 simplified short forms of the Yang style 
TC 38 ', a standard and popular TC routine, to people with PD 
over the course of TC training. The TC interventions, which 
consisted of 10 min of warm-up exercises, 40 min of eight 
movements of TC, and 10 min of cool-down exercises, were 
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done three times a week for 12 weeks. The TC protocol was 
specifically developed to emphasize components of move- 
ment typically limited in the elderly and more serious case 
ofPD. 

Warm-up exercise included slow and gentle flexibility 
exercises of the shoulders, neck, arms, knees, hips, and 
back, followed by a trunk stretching exercise that coordi- 
nated weight shift with trunk rotation and active arm swing- 
ing as well as isolated static TC movements. TC exercise 
consisted of a series of slow, gentle, relaxed, continuous, 
rhythmic, coordinated, and flowing movements of differ- 
ent body parts, which emphasized multidirectional weight 
shifting, trunk rotations, awareness of body alignment, 
multi-segmental (arms, legs, and trunk) coordination, and 
narrowing of lower extremity stance and multidirectional 
shift in weight bearing from bilateral to unilateral support, 
challenging the postural stability. Synchronized breathing 
aligned with TC movements was incorporated and integrat- 
ed into the movement routine. The mastery of one-to-two 
forms through multiple repetitions was emphasized each 
week for the first 8 weeks. The complete form was practiced 
for the last 4 weeks, focusing on repetitions to improve bal- 
ance and gait. Cool-down exercises included: smooth and 
progressive range of motion exercises of the ankles, knees, 
hips, and back as well as neck, and a meditation that incor- 
porated diaphragmatic breathing exercise. The instructor 
explained and demonstrated how each form should be per- 
formed, and the participants followed the motions. 

Evaluation of all participants was performed a week be- 
fore and 12 weeks after the initiation of the exercise regi- 
men. Two experienced physical therapists blinded to the TC 
intervention collected the data. During each assessment, 
participants were first evaluated for disease severity using 
the UPDRS motor subscale 3 39) and MMSE, and then com- 
pleted an obstacle crossing task. 

Two force platforms (AMTI, Newton, MA, USA) 
mounted flush with a walkway surface (5 m in length and 
1.5 m in width) measured the ground reaction forces (GRFs) 
while the participants crossed the obstacle. Amplified force 
plate signals were sampled on-line at a rate of 1,000 Hz 
for 5 s (AMTI). GRFs collected from two force platforms 
were processed and the center of pressure (COP) data were 
analyzed using BioAnalysis v2.0 software (AMTI). The test 
conditions included the use of obstacles (10 cm in height, 
10 cm in depth and 140 cm in width) made of wood for ob- 
stacle clearance. 

For each trial, participants stood quietly with their arms 
hanging at their sides in a self-selected foot position with 
each foot on a force plate in a relaxed posture. The two force 
platforms were placed adjacent to each other with narrow 
edges to measure the GRFs. Initial positioning of each 
participant's feet on the force platform was traced and the 
tracings were used before starting a new trial of obstacle 
crossing to reposition the foot on the force platform to in- 
crease the between-trial consistency. Participants were then 
instructed to cross an obstacle at a comfortable, normal 
speed with the right limb after receiving the auditory cue 
of a 'go' signal, and continued to walk a minimum of three 
steps. For each participant, two practice trials to familiarize 



Table 2. COP measures of both feet at baseline and 12 weeks 



Parameters 



Time 



TC 



Swing limb 
A-P displacement (cm)* 

M-L displacement (cm)* 
Stance limb 

A-P displacement (cm)* 
M-L displacement (cm)* 



Baseline 
12 weeks 
Baseline 
12 weeks 

Baseline 
12 weeks 
Baseline 
12 weeks 



9.87 (3.56) 
12.63 (4.64) 
2.54 (0.98) 
3.46 (1.23) 

11.13 (2.76) 
13.45 (5.42) 
3.58(1.12) 
4.83 (2.3) 



Values represent mean ± SD 

TC, Tai Chi; COP, center of pressure; A-P, anteroposterior; M-L, 
mediolateral 

*Significant difference (p < 0.05) between pre- and post-inter- 
vention for both feet 



themselves with the experimental procedure were followed 
by approximately five successful experimental trials. All 
participants were required to wear flat-soled shoes normally 
used for everyday walking or sports activities. 

COP trajectory variables before and after TC exercise 
were compared using the paired t-test. Statistical signifi- 
cance was accepted for values of p < 0.05. Force platform 
variables selected for analysis included anteroposterior (A- 
P) and mediolateral (M-L) displacement of the COP. A-P (or 
M-L) displacement of the COP was defined as the total dis- 
tance (or difference) between the minimum and maximum 
A-P (or M-L) COP location for the length of time when ei- 
ther the left or right foot was in contact with the force plat- 
form. SPSS 14.0 KO (SPSS, Chicago, IL, USA) was used for 
all statistical analyses. 

RESULTS 

All participants followed their own protocol and com- 
pleted the initial and post- assessments. No outliers were 
found in any of the COP measurements and data from all 
participants were used in the statistical analysis. After 
the TC intervention, all participants showed a clinically 
meaningful improvement in measured COP displacements 
(Table 2). In the comparison of pre- and post-intervention 
results, the PD participants showed statistically signifi- 
cant improvements in all the measured COP displacements 
(p<0.05). Participants showed a 124% and 135% increase 
in A-P and M-L displacement of the COP, respectively, for 
both the swing and stance limbs. The mean values of the PD 
participants' outcome measures after the intervention are 
summarized in Table 2. 

DISCUSSION 

The development of cost-effective evidence-based inter- 
ventions to decrease falls and fall-related injuries for per- 
sons with PD is needed. TC exercise is often recommended 
for managing the symptoms of PD. However, there have 
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been very few investigations of biomechanical changes in 
postural control and gait after TC exercise in people with 
PD. 

The current study investigated the effectiveness of TC 
exercise on the ability to step over an obstacle by people 
with PD. A 12-week, 3-times weekly TC intervention 
improved the COP measures, which represent muscle re- 
sponses to maintain dynamic stability while stepping over 
an obstacle, for both limbs. The results confirmed our hy- 
pothesis that TC exercise would be effective at improving 
the dynamic postural control while crossing an obstacle of 
persons with mild to moderate PD. 

The decreased COP displacement in both directions 
(A-P and M-L) shown by PD patients may be related to dys- 
function in balance, akinesia, hypokinesia, or tremor/move- 
ment discontinuities associated with PD 40 '. In our present 
study, TC exercise led to improvements in A-P and M-L 
displacement of COP while stepping over an obstacle. Mean 
COP displacement in the A-P and M-L directions increased 
by 24% and 35%, respectively, after TC exercise, as com- 
pared to pre-intervention. These results are consistent with 
the findings of a previous study 41 ', which demonstrated in- 
creased COP displacement in the A-P and M-L directions 
during gait initiation after PD patients had performed TC 
exercises. The improvements in COP measures were also 
similar to those reported previously for older adults with- 
out PD who practiced TC exercise 25, 42 '. In these earlier 
studies, the elderly subjects showed improvements in COP 
trajectory variables during either gait initiation or obstacle 
crossing. In addition, Hass et al. 43 ' reported that individu- 
als with PD who received 10 weeks of resistance training 
significantly increased the magnitude of COP displacement 
in the posterior direction when initiating gait. Furthermore, 
Rogers et al 44 ' demonstrated that individuals with PD sig- 
nificantly increased the magnitude of COP displacement in 
the posterior and lateral directions when a startling acoustic 
stimulus was delivered prior to initiation of walking. In con- 
trast, no significant improvement in selected gait initiation 
parameters was reported following 16 weeks of 60 min TC 
exercise for people with mild to moderate PD 45 '. This lack 
of improvement in outcome measures may have been due, 
in part, to heterogeneity of a wide spectrum of PD partici- 
pants and the wide variability of TC exercise regimens 45 '. 

Control of the center of mass by manipulation of the 
movement of the COP in the A-P and M-L directions while 
stepping over an obstacle is an important consideration 
for dynamic postural stability 46 '. The posterior movement 
of the COP in the initial period of stepping is needed to 
generate forward momentum to initiate walking 47 '. Thus, 
greater posterior COP movement increases the moment arm 
by which the GRF can move the center of mass forward 25 '. 
Previous studies 25, 48, 49 ' have shown that a reduction in the 
magnitude of the backward COP displacement occurs with 
advancing age and disability when initiating gait. Deterio- 
ration in centrally mediated anticipatory postural adjust- 
ments is believed to be responsible for the reduction in the 
backward COP displacement 47 '. 

In this study, 12 subjects with PD were able to improve 
A-P displacement of the COP to an average of 13.04 cm, 



which is close to the value previously reported for elderly 
individuals with PD who practiced TC 41 '. This increase in 
the magnitude of the displacement of the A-P COP observed 
for the PD subjects may be attributable to restoration of cen- 
trally mediated anticipatory postural adjustments during 
obstacle avoidance. During initiation of walking there is an 
inhibition of the tonic soleus, which is active during quiet 
stance, followed by the onset of tibialis anterior activity in 
both the swing and stance limbs 50, 51 '. This combination is 
responsible for the backward movement of the COP 50-52 '. 
PD patients are known to generate insufficient dorsiflexion 
torque due to inappropriate and/or inefficient tibialis ante- 
rior activation during the initiation of gait 53, 54 '. PD patients 
are also unable to turn off previously activated muscles, 
such as the soleus and gastrocnemius, due to an inability to 
gate or scale the postural and voluntary components of the 
motor task 55 '. These contribute to a limitation in the back- 
ward displacement of the COP. 

While stepping over an obstacle, the COP created by the 
swing limb hip abductors moves laterally toward the swing 
limb and generates stance-side momentum; that is, momen- 
tum toward the stance limb 56 '. Thus, the coordinated action 
of the ankle and hip muscles tend to propel the center of 
mass forward and toward the intended stance limb. Previ- 
ous studies 48, 57, 58) have reported that the COP displace- 
ment towards the swing limb shown by individuals with 
PD during gait initiation is significantly smaller than that 
of healthy age -matched older adults. This reduced ability 
to modulate M-L COP displacement shown by people with 
PD during gait initiation might be due to alterations in the 
proximal musculature strength 59 ', particularly the muscles 
of the hip 16 '. 

The post-intervention average displacement of the M-L 
COP for the PD subjects was 4.15 cm, a 34% increase com- 
pared to pre-intervention. This finding indicates that TC ex- 
ercise improves M-L COP displacement. The improvement 
in the M-L COP displacement may be attributable to the co- 
ordinated action of the hip abductor and adductor muscles 
after TC exercise 60 '. Older adults with disability and those 
transitioning to frailty have reduced M-L COP displace- 
ments, and people with PD who have greater M-L and A-P 
COP displacements, and people who have a greater weight 
shift between the two limbs have a longer step during gait 
initiation 48 '. Furthermore, children with autistic disorder 
who exhibit less age-related development and postural in- 
stability also have reduced M-L COP displacement during 
gait initiation, compared to age -matched normally develop- 
ing children 61 '. Given that many studies have consistently 
reported a reduced displacement of the M-L COP in indi- 
viduals with postural instability when initiating gait, the 
significantly increased displacement of the M-L COP seen 
in the present study is indicative of the increased dynamic 
postural stability of the PD participants who practiced TC 
exercise. 

This study had a number of limitations. The sample 
size of the patients was small and no control group was in- 
cluded. It was difficult to determine the exact contribution 
of the treatment to the measured changes without a control 
group; therefore, the present improvements in postural con- 
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trol cannot be conclusively attributed to the TC exercise. 
In addition, the TC exercise was performed for a 12-week 
period, which is relatively short in terms of providing the 
full benefit of the exercise to people with PD. Moreover, 
no follow-up data were collected. It was not possible to de- 
termine whether the improvements were temporary or per- 
manent. Furthermore, the change in the exact timing and 
spatial events of gait parameters after the intervention were 
not analyzed because only two force plates were used in the 
current study. Synchronized analysis of kinematic and ki- 
netic data would provide better insight into the effects of TC 
exercise on PD patients than the separate analysis of kinetic 
data. Further studies will be needed to assess the dynamic 
stability of people with PD using this technique. 

In conclusion, TC exercise increased the magnitude 
of the COP displacement in the A-P and M-L directions, 
thereby improving the mechanism by which momentum is 
generated in the A-P and M-L directions in the initiation 
of gait and the maintenance of balance and lateral stability. 
The present findings support the view that short-term TC 
exercise may be an effective and safe form of stand-alone 
behavioral intervention that can be easily conducted out- 
doors or indoors on an individual or group basis to improve 
the postural stability of some individuals with mild to mod- 
erately severe PD. However, a more definitive conclusion 
regarding the efficacy of TC exercise for people with PD 
cannot be made until more evidence is available. A well 
designed randomized controlled trial using a larger patient 
population and follow-up is required to enhance our pres- 
ent findings regarding the effectiveness of TC exercise for 
people with PD. 
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